This paper provides a comparison of two widely used global precipitation datasets in southern Africa:
INTRODUCTION
In recent years, large-scale hydrological models have increasingly been used as a main assessment tool for global/ regional water resources. Many large-scale hydrological models have been developed to estimate present and future water resources at large scales for the purposes of, for example, climate change impact (Arnell , ; Vörösmarty et al. Two precipitation datasets were used in the study. The 
METHODS

Statistical analysis
In order to compare the consistency and differences between the two global precipitation datasets, i. 
Mann-Kendall test
The MK test is used to analyse trends in the precipitation series across southern Africa. The steps of the MK method adopted in this study are as follows (Chu et al. ) .
The first-order autocorrelation coefficient is calculated as:
Second, remove the autocorrelation from the original time series if it is statistically significant:
The Kendall indicator τ , variance σ 2 τ and normalized variable U are calculated based on the transferred series x 0 i as:
where p is the number of dual observations in the precipitation time series, i.e. the number of times that x
U reflects the trend in time series, of which the larger value means the more obvious trend. There is an increasing trend if U is larger than zero, and vice versa. At a significance level α, the hypothesis of no trend is rejected if:
where U 1Àα=2 can be sourced from the standard normal distribution table.
Kolmogorov-Smirnov test
The KS test is used to determine whether the distribution of the data is the same or different from the predetermined distribution and to test the significance of the similarity or dissimilarity (Xu ) . The KS test is conducted as follows.
1. Calculate the expected cumulative frequency (values of cumulative distribution function) F e (x).
2. Calculate the sample cumulative frequency,
where k is the number of observations less than or equal to x and n is the total number of observations.
Determine the maximum deviation
4. If the value D is greater than or equal to the critical tabulated value of the KS statistic for the chosen significance level, the hypothesis that the data fit the tested distributed is rejected.
Student's t-test and F-test
The student's t-test is used to assess whether the means of two samples are statistically different from each other.
Under the null-hypothesis of equal sample means (H 0 :μ 1 ¼ μ 2 ) and alternate hypothesis of unequal sample means (H 0 :μ 1 ≠ μ 2 ), the t-statistic is calculated as:
The null hypothesis H 0 is rejected if: 
The null hypothesis H 0 is rejected if:
where the critical value of F 1Àα,n1À1,n2À1 can be sourced from the F-distribution table.
WASMOD-D
The water and snow balance modelling system at the macro potranspiration is defined as follows:
where ep t is potential evapotranspiration (mm day À1 ); T a is the daily air temperature ( W C); E c was set to 0.018/30 (mm
); and RH (%) is relative humidity calculated from air temperature and dew point temperature.
Snow accumulation and melt are derived from:
where sn t is snowfall (mm day À1 ); p t is precipitation (mm day À1 ); sp t is snow storage (mm); m t is snow melt (mm); parameters a 1 and a 2 are the snowfall temperature ( W C) and snow melt temperature ( W C). (x)þ means max(x, 0).
Rainfall r t (mm day À1 ) is calculated via:
Actual evapotranspiration e t (mm day À1 ) is calculated via:
where ep t is potential evapotranspiration (mm day -1 ); w t is available water (mm day À1 ); sm tÀ1 is the land moisture (available storage); a 4 is a parameter (dimensionless).
Slow and fast flows are derived from equations as:
where spa t is saturated percentage area (%); s t is slow flow (mm day À1 ); f t is fast flow (mm day À1 ); d t is total flow (mm day À1 ); c 1 (mm À1 ) and c 2 (mm À1 ) are the parameters.
Finally, the water balance is achieved by updating land moisture:
where sm t and sm tÀ1 are the land moisture at current and previous days (mm day À1 ). The FDC shows the percentage of time that a given flow rate is equalled or exceeded, which is constructed from flow data of a fixed time period (e.g. daily in this study). First, the flow data are sorted in order of decreasing flow. A unique ranking number i is assigned to each flow, starting with 1 for the maximum flow to n for the minimum flow, where n is the number of flow measurements. The probability P that a given flow will be equalled or exceeded is then defined by:
where
Þis the exceedance probability of discharge Q i which is the selected EPs by using equal interval of flows
Here k ¼ 20 was used, resulting in 19 EPs. The similarity of the FDCs for the observed and simulated flow series was evaluated using Equation (23), in which we can see that R FEC,Q has a zero low bound; the closer the value to zero, the better the performance.
Regionalization method
To compare the results simulated by the two global precipitation datasets (TRMM and WFD) in un-gauged basins and in the whole studied region, regionalization of parameters in the southern Africa region was carried out. As discussed in the introduction section, many regionalization methods are described in the literature. The global mean method (Jin et al. ) was used in this study because of the small number of study basins, which meant that detailed assessments of parameter and catchment characteristics was unlikely to be robust and could probably mislead the results.
The global mean method considers that the physical attributes of a catchment are represented by parameters and the average attributes over the region are represented by mean parameters.
RESULTS
Comparison of two precipitation datasets
Precipitation is the immediate source of water for the landsurface hydrological budget, and its uncertainty will strongly impact the model calibration results. Figure 2 shows the difference in annual precipitation between the TRMM and the WFD datasets in 1997 (for illustrative purposes), while the mean annual precipitation difference between the TRMM dataset and the WFD dataset from 1997 to 2001 is shown in Figure 3 . From these two figures, the following points are clear.
1. We can see that in general the spatial distributions of annual precipitation from two datasets are similar for both 1997 and mean annual (1997) (1998) (1999) (2000) (2001) . Mean annual precipitation in the region ranges from 0 to 400 mm yr À1 in the southwest to over 1,500 mm yr À1 in the north and the east.
2. We can also see that the mean annual precipitation difference between TRMM and WFD datasets is around ±100 mm yr À1 in the extreme southern part of the region whereas the differences are larger in the north (±100-500 mm yr À1 ) and varies with geographic locations.
3. The difference between the two datasets has a clear geographic pattern, i.e. the precipitation derived from TRMM is considerably smaller than the WFD in the northwest the region, especially closer to Gabon and Congo, whereas in most parts in the central and the south of the region the difference is small and it seems that the precipitation derived from TRMM is slightly larger than that from WFD.
4. The total precipitation derived from TRMM is less than that from WFD, which can be graphically confirmed by The results of the MK trend test for the two global precipitation datasets are shown in Figure 5 and Table 2 . shown in Figure 6 and Table 2 . It is seen from Figure 6 (a)
that the hypothesis of the data belonging to the same distribution is rejected at 5% significance level in most parts of the region. Figure 6 (b) indicates that, in the southern part of the region, long-term mean values of the two datasets are statistically equal at 5% significance level; this is not the case in large parts of the north. From Figure 6 (c), we can see that the assumption that the variances of TRMM and WFD data are equal is rejected at 5% significance level in the majority of the region. These results are also summarized in Table 2 , which presents the number of grids that reject or accept the null hypotheses of all the statistical tests applied in southern Africa.
Model performance
Statistical comparisons were carried out to evaluate the modelling results for the 22 selected gauged basins based on TRMM and WFD datasets. Table 3 The values of VE are mostly less than 10% for the two datasets. In general, the NS values derived from WFD were slightly higher than those from TRMM. In terms of the VE, the difference between the two datasets is very small.
Another important requirement of a hydrological model is the correct representation of the flow frequency. In this study, flow frequency is represented using a FDC which provides the percentage of time (duration) flow is exceeded over a historical period. The FDCs for six randomly selected basins are shown in Figure 7 . There was a reasonably (1997) (1998) (1999) (2000) (2001) . In addition, the spatial distribution of simulated monthly mean runoff based on the two global precipitation datasets has a similar pattern. However, the simulated monthly mean runoff derived from the TRMM dataset is larger than that from WFD. 
